Tree grids and tree rings pose certain challenges to the designer of landscapes especially designing hard landscapes such as pavements, parking areas and roadsides. One challenge is insufficient knowledge of lateral growth space required by tree stems over time. Inappropriate size selection may cause damage to tree rings, tree grids and trees, resulting in costly repairs and unsightly landscape features. Lack of a rigorous knowledge base may prevent the designer or urban forester from choosing appropriate ring or grid sizes. However, these situations may be prevented or avoided should the choices be based on scientific knowledge of tree stem growth rates. This paper presents the results of an investigation of stem growth rates of three indigenous savannah street trees species growing in the City of Pretoria, Gauteng Province, South Africa. The stem diameters of each species were measured at ground level. Random stratified sampling was conducted, with the total sample size being 282, the oldest tree being more than 46 years of age. Stem diameter was regressed on tree age to compute estimated stem diameter growth rates. Thereafter comparisons were made to rings found in the local landscape industry. The differences in growth rates showed that Combretum erytrophyllum, Searsia lancea and Searsia pendulina will outgrow small tree grids in approximately 10.75, 18.50, and 15.50 years, respectively. The paper suggests that the statistical analysis and modelling of field data increase certainty for design parameters, enhancing the excellence of urban landscapes and forests.
INTRODUCTION
In the design of landscapes trees are used to define space, enhance and facilitate recreation experiences and create landscape genus loci. Trees are vertical design elements in landscape architectural design pallets and stems pronounce columns, pillars, rhythm and anchorage to space. They furthermore provide visual and aesthetic benefits, creating interest in the landscape through seasonal changes, enhancing scenic outdoor recreation and interactional experiences with nature (McPherson et al., 1994; Jorgensen et al., 2002 Jorgensen et al., , 2007 Bentsen et al., 2010; Lehmann, 2014; Shackleton et al., 2014) .
Trees do not hold only services and benefits, but they also incur costs and disservices to urban environments (McPherson et al., 1994; Nowak and Dwyer, 2007; Soares et al., 2011) . Street trees and trees planted in hard landscapes are often protected by tree rings, tree grids or tree grates (apparel). The apparel placed around newly planted trees allows for soil aeration, reduces chances of soil compaction, provides a surface to walk on, facilitates watering and fertilization (Miller, 1997) . However, the apparel may become problematic and unsightly because of lateral stem growth that could be obstructed by the inadequate space allocated to the specified apparel (Stoffberg, 2006) . Roy et al. (2012) present an in depth and extensive quantitative literature review of 115 original research papers. In this review 10 papers were identified that related to "tree growth", of these only three papers present research on the theme "predicting diameter, height, crown width, and leaf area of street trees". McPherson and Peper (2012) present research in which more than 1800 growth equations from measurements of 17000 trees in 16 cities have been developed by the USDA Forest Service's reference city research, and include various tree dimensions. Gaugris et al. (2008) investigated the growth rate of selected woody species in a natural ecosystem in northern Maputaland, KwaZulu-Natal, South Africa. However, the research was conducted on trees that grow outside the urban environment. Research conducted on indigenous urban street tree stem growth rates are also limited in South Africa (Stoffberg, 2006; Stoffberg et al., 2008; Stoffberg and van Rooyen, 2012; De Lacy and Shackleton, 2014) .
Fundamental to this paper is that growth rate terminology such as slow, moderate or fast that are often used to describe tree growth are inadequate for landscape designers. In contrast, the aim of this research was to illustrate that applied statistical research could inform landscape designers in everyday studio practice. The alignment is demonstrated through investigating apparel (static) in relation to stem growth (dynamic).
METHODS
This study was conducted during April-September 2002 in the City of Pretoria, South Africa (Stoffberg, 2006) . Stem diameter to age ratios are calculatable when tree age series and correlated stem diameter measurements are known. Allometric calculations are used to model stem diameter lateral growth rate to tree age growth predictions (Stoffberg, 2006; Stoffberg et al., 2008 Stoffberg et al., , 2010 .
This research is based on allometric growth modelling for the regularly used South African savannah street trees Combretum erythrophyllum (Burch.) Sond. (river bushwillow), Searsia lancea (Lf.) Barkley (karee) and Searsia pendulina (Jacq.) Moffett (white karee) (Stoffberg, 2006; Van Wyk and Van Wyk, 2013) .
Stem circumferences were determined with a tape measure at 50 mm above ground level or just above the basal swelling. Perpendicular stem diameter measurements were taken by calipers to calculate a mean for small trees at the same height. Diameter at breast height (DBH at 1.37 m above ground level) is often an inappropriate measurement as the African savanna species often branch at lower heights (Stoffberg, 2006) . Biased selection of trees, could negatively alter results (Clark and Clark, 2000) , and were avoided by stratified random sampling, of streets and trees in the streets.
The majority of the street trees grew in non-irrigated, managed lawn, residential environments and were planted between 1955 and 2001. Tree ages were obtained from the Municipality, aerial photographs and personal communication with botanical and horticultural staff. Tree assessments (Table 1) include two groups of trees from parking lots (Searsia lancea and Searsia pendulina with planting dates of 1970 and 1987, respectively), enabling a wider range of analysis and application (Stoffberg, 2006; Stoffberg et al., 2010) .
Several growth models were assessed (Stoffberg, 2006) : exponential (Zhang, 1997) , first degree logistic (Brewer et al., 1985) , Gompertz (du Toit, 1979), Lundqvist (Brewer et al., 1985) and Richards family (du Toit, 1979) . A logarithmic equation (Peper et al., 2001a, b) gave the most appropriate fit (Stoffberg, 2006) , and was used for calculating the allometric stem diameter growth rates. A detailed description of the methodology can be found elsewhere (Stoffberg, 2006) .
Annual growth rate (AGR) (Jalota and Sangha, 2000) was calculated as:
( 1) where "AGR" is the annual growth rate in mm y-1, "a" is the largest stem diameter (mm) reading, "b" is the smallest stem diameter (mm) reading and "t" is the time period between the readings in years. The mean was used to calculate the growth rate of the observed data (Stoffberg, 2006) . Table 1 . The minimum ages (years since planting in the streets), maximum age ranges and stem diameter ranges of which measurements were taken (Stoffberg, 2006) . 
Species

RESULTS AND DISCUSSION
The results presented are quantitative and model stem diameter growth employing statistical methods, derived from measurements of 282 street trees (Stoffberg, 2006) . The calculated allometric regression equations enable estimated predictions indicating the tree age at which its stem diameter would be restriced by tree apparel. By the application of the allometric results (Table 2 ) to apparel (Figure 1 ) the designer could increase longevity of intended hard landscapes and trees (Stoffberg, 2006) . Table 2 . The mean estimated tree age in years (y) of three street tree species presented in 50 mm diameter increments for application to apparel (Stoffberg, 2006 
"∅" -Inner diameter of tree grate, grid and rings; y -age of trees in years; # -upper confidence interval (the oldest trees measured for Searsia pendulina were 15.6 years); -no data available.
The stratified random sampling of trees represents various ages, planting locations and different environmental conditions within the City of Pretoria. The results are therefore representative of a variety of climate and environmental zones, rendering them applicable to a reasonably wider range of environments (Stoffberg, 2006) . Figure 1 presents the research results applied to tree rings manufactured by Vanstone, South Africa (http://www.vanstone.co.za/node/161, accessed July 22, 2014). Combretum erythrophyllum would outgrow all the apparel in the product range presented in this paper. Combretum erythrophyllum reaches the largest estimated mean stem diameter of 919 mm at an age of 47.50 years. However, the estimated upper confidence level is 1000 mm at age 37.75 years and a maximum estimated upper confidence level of 1175 mm is reached at 47.50 years, which is also the oldest data point for this study (Stoffberg, 2006) . 
CONCLUSIONS
The application of the findings could improve designing of hard landscapes, infrastructure investments, maintenance programs, reduce costly repairs associated with apparel and prevent potential trip and fall incidents.
Limited information is available on savannah and other indigenous species' stem diameter growth in an urban setting, which renders significance to the presented research. Research to extend timeframes and increase a larger diversity of indigenous species will optimise the variety of choice.
This study illustrates that applied quantitative research should be considered in landscape design. Furthering quantitative research is thus recommended, especially in the
